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Cross-sectional and prospective data on urinary calcium and due to calcium-rich stone in the upper urinary tract [3].
urinary stone disease. Second, urinary calcium affects the saturation and the
Background. Urinary calcium is considered a risk factor for rate of crystallization of calcium salts in urine, henceurinary stone disease (USD), although prospective data are
urinary stone formation [3–5]. Third, urinary calciummissing. This epidemiologic study investigates cross-sectionally
excretion is high in persons with USD, as reported firstand longitudinally the relation of urinary calcium excretion to
USD. by Albright et al [6] and later by others [7, 8]. However,
Methods. In the Gubbio Population Study, data on USD were prospective data are missing (i.e., there are not data
collected by questionnaire during medical examinations from
showing that persons without USD and with high urinary1989 to 1992 (baseline) and telephone interviews in 1997 to 1998
calcium excretion develop USD more frequently than(follow-up). Baseline data collection included overnight uri-
nary calcium excretion and use of medications. Study cohort persons with low-normal urinary calcium). In the absence
was made of 1458 men and 1799 women, age 25 to 74 years, of these data, the possibility cannot be excluded that
and not on treatment with diuretics at baseline. USD was diag- high urinary calcium is a secondary disorder in USD, fornosed by: excretion of stone(s), and/or radiographic or ultrasonic
instance due to increased fluid intake, in turn leading toevidence, and/or surgical or endoscopic removal of stone(s).
reduced antidiuretic hormone–dependent tubular cal-Results. At baseline, urinary calcium excretion was higher
in persons with than without USD (215 and 182 mol/hour, cium reabsorption [9, 10]. In the absence of prospective
P  0.001) and related to USD prevalence independent of data, also the definition of hypercalciuria appears arbi-
gender, age, and other variables (P  0.001). Among persons
trary due to the continuous distribution of urinary cal-without USD at baseline, baseline urinary calcium excretion
cium excretion in the population [7]. The present studywas higher in persons with than without incident USD at fol-
low-up (202 and 181 mol/hour, P  0.034) and related to reports cross-sectional and longitudinal data on the rela-
incident USD independent of gender, age, and other variables. tion of urinary calcium excretion to USD in a sample of
A difference of 100 mol/hour (about 1 SD) in urinary calcium an Italian population.excretion related to a difference in USD risk of 1.32 for preva-
lence and 1.21 for incidence (95% CI  1.15/1.52 and 1.01/
1.45, respectively) in multivariate analyses controlled for gen-
METHODSder, age, body mass index, parental history of USD, urinary
excretion of urea, sodium, and potassium. The Gubbio Study is an investigation on a sample of
Conclusion. Cross-sectional and prospective data show that an Italian population—both genders, aged 5 to 99 years
urinary calcium excretion is a risk factor for USD. old—residing in the town of Gubbio in central Italy.
Previous papers describe aims of the investigation, time
of examinations, response rates, responders and nonre-
Urinary stone disease (USD) is a common and costly
sponders, and methods for follow-up of lethal and non-medical problem in industrialized countries [1, 2]. Sev-
lethal events [11–16]. Data on USD were collected witheral evidences support the idea that high urinary calcium
use of a questionnaire during medical examinations fromexcretion is a risk factor for USD. First, USD is mainly
1989 to 1992 (baseline) and telephone interviews in 1997
to 1998 (follow-up). Baseline examination included the
Key words: hypercalciuria, risk factor, urolithiasis. collection of timed overnight urine as previously de-
scribed [13, 16] and information on personal use of medi-Received for publication October 23, 2002
cations and parental history of USD. Target cohorts forand in revised form November 28, 2002
Accepted for publication January 14, 2003 present analyses were 3776 participants with ages 25 to
74 years at baseline (1733 men and 2043 women). A 2003 by the International Society of Nephrology
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Table 1. Descriptive statistics at baseline: Mean  SD or prevalencetotal of 13.7% of the target cohort was excluded from
analyses (275 men and 244 women) because 4.2% were Men and
Men Women womendeceased before 1997 (105 men and 53 women); 5,7%
Number of persons 1458 1799 3257did not participate in telephone interviews (122 men
Age years 48.613.5 49.713.4 49.213.5and 92 women); and 3.9% reported at baseline regular
Weight kg 77.911.4 65.511.4 71.113.0
treatment with diuretics (48 men and 99 women). Per- Height m 1.690.07 1.570.06 1.620.09
Body mass index kg/m2 27.13.6 26.84.8 26.94.3sons on diuretics were excluded to avoid confounding
Duration of overnight urineof the drugs on urinary calcium excretion and/or USD
collection hours 8.231.15 8.291.03 8.261.09
[17, 18]. Thus, study cohort comprised 3257 persons (1458 Urine flow mL/hour 56.227.8 54.229.6 55.128.9
Urinary calcium concentrationmen and 1799 women) with information on baseline uri-
mmol/L 3.882.20 3.662.15 3.782.17nary calcium excretion and USD at baseline and follow-
Urinary calcium excretion
up. Reported information was used for diagnosis of USD lmol/hour 198116 173103 183109
Urinary sodium excretionaccording to these criteria: (1) urinary excretion of stone(s)
mmol/hour 7.624.52 6.273.84 6.874.21and/or (2) radiographic or ultrasonic evidence of urinary
Urinary potassium excretion
stone(s) and/or (3) surgical or endoscopic operative re- mmol/hour 1.800.95 1.511.02 1.641.00
Urinary urea excretionmoval of urinary stone(s). The urinary concentration of
mmol/hour 18.07.0 16.56.8 16.67.0calcium, sodium, potassium, and urea was measured by
With urinary stone disease
automated procedures. The variation coefficient was number (%) 108 (7.4%) 79 (4.4%) 187 (5.7%)
With parental history of5% of the average in blind duplicates [13, 16]. Urinary
urinary stone number (%) 134 (9.2%) 151 (8.4%) 285 (8.8%)excretion was calculated as concentration  urine flow.
Urinary calcium excretion can be converted to mg/hour with use of the multi-Data of different studies show low risk of misclassifying
plier 0.04; urinary calcium concentration can be converted to mg/L with use of
urinary calcium excretion due to use of overnight instead the multiplier 40.
of 24-hour collections [19, 20]. In both these previous
studies, overnight urinary calcium excretion was highly
correlated with and precisely predicted 24-hour urinary
index of 24-hour urinary calcium excretion since the cor-calcium excretion since daytime and nighttime urinary
relation coefficient between overnight and 24-hour uri-calcium excretion of the same day are highly correlated
nary calcium excretion of the same day ranges from 0.7[19, 20]. Analyses on overnight and 24-hour urinary cal-
to 0.9 [19, 20]. To analyze the use of overnight valuescium excretion of two different days were done in a
as predictor of 24-hour values, urinary calcium excretionsubgroup of participants. Urinary excretion of urea, so-
was measured in overnight and 24-hour collections ofdium, and potassium were used as markers of dietary
two different days in a subgroup of the study cohort (72intake of total protein, salt, and potassium [21–23].
men and 76 women; mean  SD of age  45.0  10.7Statistical procedures included an analysis of variance
years old). Mean  SD was 0.184  0.099 mmol/hour(ANOVA) without and with adjustment for covariates,
for overnight urinary calcium and 4.70  1.93 mmol formultivariate logistic regression analyses, chi-square analy-
24-hour urinary calcium excretion. On the basis of samplesis for linear trends along groups, Student t test for paired
size (N  148) and SD in 24-hour urinary calcium excre-observation, and Spearman correlation. The difference in
tion (1.93 mmol), the study had a power95% to detectthe relative risk of USD for a given difference in urinary
differences in mean urinary calcium excretion 0.58calcium was calculated with 95% CI by exponentiation
mmol/24 hours between measured 24-hour urinary cal-of logistic regression coefficients (SE  1.96).
cium excretion and 24-hour urinary calcium excretion
predicted with use of overnight urine. Predicted 24-hour
RESULTS urinary calcium excretion was calculated as overnight uri-
Descriptive statistics, overnight, and 24-hour urinary nary calcium (mmol/hour)  24. Measured 24-hour uri-
calcium excretion nary calcium excretion and predicted 24-hour urinary cal-
cium excretion were not significantly different (4.70 Table 1 reports descriptive statistics at baseline. Due
1.93 mmol and 4.42  2.38 mmol, P  0.141 in pairedto skewed distribution (skewed/SE ratio 2), urinary
Student t test). Correlation coefficient between overnightcalcium excretion was logarithm (log)-transformed in
and 24-hour urinary calcium for collections of two differ-some analyses. Mean  SD of log-transformed urinary
ent days (Fig. 1) was lower than reported for collectionscalcium excretion was 2.22  0.27 in men, 2.16  0.26
of the same day [19] since it reflected daytime-to-night-in women, and 2.19 0.27 in men and women combined
time variability combined with day-to-day variability [20].(mol/hour). Median and range of urinary calcium ex-
Data of overnight and 24-hour collections of two differ-cretion and of other urinary variables were similar to
ent days were correlated also for urinary calcium concen-reported data (not shown) [16].
Overnight urinary calcium excretion may be used as tration and urine flow (r  0.422 and 0.321, P  0.001).
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age and parental history of USD related to USD (P 
0.001). Findings were similar and statistically significant
with use of log-transformed urinary calcium excretion
or urinary calcium concentration as independent vari-
able (not shown).
In models analyzed separately in the two genders and
controlled for age, logistic coefficients of urinary calcium
excretion to USD prevalence were similarly positive in
men and women (0.00267 and0.00242, respectively).
With exponentiation of these coefficients, a difference
of 100 mol/hour in urinary calcium excretion related
to a difference in USD prevalence of 1.31 for men (95%
CI  1.12/1.52), 1.27 for women (95% CI  1.05/1.54).
Quartile analyses. The shape of the relation between
urinary calcium excretion and USD prevalence was ana-
lyzed in quartiles of urinary calcium excretion. Mean uri-Fig. 1. Overnight urinary calcium (Ca) excretion and measured 24-
hour urinary calcium excretion of two different days in a subgroup of nary calcium excretion (mol/hour) per quartile (1 to 4)
the study cohort (72 men and 76 women). Rank order correlation was 79, 146, 211, and 359 in men, and 71, 124, 182, andcoefficient  0.387, P  0.001.
314 in women. Figure 2 shows that USD prevalence was
significantly higher along quartiles in men and women.
In Figure 3, the risk of USD prevalence is plotted over
the mean of urinary calcium excretion in quartiles 2 toFindings were similar in analyses separate by gender
(not shown). 4 compared to quartile 1 with control for gender and
other variables. The relative risk was significantly in-
Cross-sectional analyses: Urinary calcium excretion creased in quartiles 3 and 4. Findings were similar in
and USD at baseline analyses by gender (not shown).
Comparison between persons with and without USD.
Prospective analyses: Baseline urinary calciumTable 2 shows USD prevalence by age in men and
excretion and USD incidencewomen combined; findings were similar in separate anal-
yses for men and women (not shown). Urinary calcium Only persons without USD at baseline were included
in this set of analyses (1350 men and 1720 women).excretion was higher in persons with USD than without
for all ages in analyses for men and women combined Duration of interval from baseline to follow-up (mean 
SD) was 8.45  0.93 years in men and 8.45  0.94 yearsand control for gender (Table 2). Urinary calcium excre-
tion was higher in persons with USD than without also in women. A total of 121 cases of incident USD were
found (71 in men, 50 in women). Annual incidence ofin age-controlled ANOVA done separately for men (237
and 196 mol/hour, P  0.002) and women (198 and USD was 0.62% in men and 0.34% in women. Table 3
shows persons with USD incidence by age in men and171 mol/hour, P  0.023).
In gender- and age-controlled ANOVA, men and women combined. In men and women, USD incidence
was the highest for ages 35 to 44 years, the lowest forwomen with USD compared to those without had higher
urinary calcium concentration (4.21 and 3.73 mmol/L, P ages 65 to 74 years (not shown).
Comparison between persons with and without USD inci-0.003) and urine flow (58.0 and 54.9 mL/hour, P 0.144).
Findings were similar in separate analyses for men and dence. Baseline urinary calcium excretion was higher in
persons with USD incidence than without for all ages inwomen (not shown).
Logistic analyses. Regression coefficients of urinary analyses for men and women combined with control for
gender (Table 3). Urinary calcium excretion was higher incalcium excretion to USD were positive for all strata of
age in analyses for men and women combined with con- persons with incident USD than without in age-controlled
ANOVA done separately for men (215 and 195 mol/trol for gender and other variables (not shown). Table
2 shows for age stratum and for the entire cohort the hour, P  0.144) and women (193 and 170 mol/hour,
P  0.116).differences in relative risk of USD prevalence calculated
for a difference of 100 mol/hour in urinary calcium In gender- and age-controlled ANOVA, men and
women with USD incidence compared to those withoutexcretion (about 1 SD for men and women combined)
in models with control only for gender and with control had higher urinary calcium concentration (4.29 and 3.72
mmol/L, P  0.004) and not significantly different urinefor gender and other variables. Findings for urinary cal-
cium excretion were similar in the two sets of models. flow (53.5 and 54.7 mL/hour, P  0.649). Findings were
similar in analyses by gender (not shown).In addition to gender (related to USD, P  0.001), only
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Table 2. Urinary calcium excretion and urinary stone disease (USD) at baseline, men and women combined by baseline age: Mean of
urinary calcium excretion in persons without and with USD, and difference in relative risk of USD prevalence associated with a difference
of 100 mol/hour in urinary calcium excretiona
Urinary calcium
With USD
excretion lmol/hour Difference in relative riskb (95%CI)
Without With Gender-controlled Multivariate
Age Number Number % USD USD models modelsc
25–34 592 8 1.4 156 289e 1.99 (1.32/3.00) 3.32 (1.78/6.21)
35–44 631 15 2.4 180 285e 1.80 (1.28/2.52) 1.85 (1.18/2.90)
45–54 774 43 5.6 200 251d 1.37 (1.09/1.72) 1.34 (1.03/1.73)
55–64 726 66 9.1 190 205 1.13 (0.91/1.41) 1.07 (0.82/1.40)
65–74 534 55 10.3 178 182 1.03 (0.79/1.34) 1.10 (0.82/1.47)
25–74 3257 187 6.5 182 215e 1.29 (1.15/1.46) 1.32 (1.15/1.52)
a About 1 SD in men and women combined
b Calculated by exponentiation of logistic regression coefficient
c With control for gender, age, body mass index, parental history of USD, urinary excretion of urea, sodium, and potassium
d P  0.005; eP 	 0.001 compared to persons without USD by gender-controlled analysis of variance (ANOVA); urinary calcium excretion can be converted to
mg/hour with use of the multiplier 0.04; urinary calcium concentration can be converted to mg/L with use of the multiplier 40
Fig. 3. Relative risk with lower limit of 95% CI for urinary stone
disease (USD) prevalence over mean urinary calcium (Ca) excretion
Fig. 2. Percent with urinary stone disease (USD) by quartile of urinary in quartiles 2 to 4 of baseline urinary calcium excretion in comparison
calcium (Ca) excretion at baseline. Number of persons per quartile (1 to risk for USD prevalence in quartile 1 (risk 1). Analyses were done
to 4): men ()  364, 366, 367, and 361; women ()  447, 454, 450, in men and women combined with control for gender, age, body mass
and 448; urinary calcium excretion (mol/hour, minimum-maximum): index, parental history of USD, urinary excretion of urea, sodium, and
men 4–115, 116–177, 178–252, and 253–599, women 4–101, 102–149, potassium. Risk was significantly increased in quartiles 3 and 4. P for
150–219, and 220–598. P  0.001 in men and  0.009 in women for linear trend in relative risk  0.021.
linear trend by chi-square analysis.
Logistic analyses. Regression coefficients of urinary risk  1.18, 95% CI  0.98/1.42, P  0.087). Findings
were similar with control for other variables or with usecalcium excretion to USD incidence were positive for
all strata of age in analyses for men and women combined of log-transformed urinary calcium excretion (not shown).
In models analyzed separately in the two genders andwith control for gender and other variables (not shown).
Table 3 shows for age stratum and for the entire cohort controlled for age, logistic coefficients of urinary Ca ex-
cretion to USD incidence were similarly positive in menthe differences in relative risk of USD incidence calcu-
lated for a difference of 100mol/hour in urinary calcium and women (0.00143 and0.00194, respectively). With
exponentiation of these coefficients, a difference of 100excretion in models with control only for gender and
in models with control for gender and other variables. mol/hour in urinary calcium excretion related to a dif-
ference in USD incidence of 1.15 in analyses for menFindings for urinary calcium excretion were similar in the
two sets of models. Significant or borderline significant (95% CI  0.95/1.39) and 1.21 for women (95% CI 
0.95/1.55).relationships to USD incidence were found for gender
(women vs. men, relative risk  0.54, 95% CI  0.37/ Logistic coefficients of urinary calcium concentration
to USD incidence in age-controlled models were signifi-0.81, P  0.003), parental history of USD (yes vs. no,
relative risk  1.72, 95% CI  0.96/3.08, P  0.073), cant in analyses for men (P  0.015), borderline signifi-
cant for women (P  0.091), significant for men andand body mass index (difference of 4 kg/m2, relative
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Table 3. Baseline urinary calcium excretion and incidence of urinary stone disease (USD), men and women combined by baseline age:
Mean of baseline urinary calcium excretion in persons without and with incident USD, and difference in relative risk of USD incidence
associated with a difference of 100 mol/hour in baseline urinary calcium excretiona
Urinary calcium Difference in relative riskb
With USD
excretion lmol/hour 95% CI
Without With Gender-controlled Multivariate
Age Number Number % USD USD models modelsc
25–34 584 11 1.9 155 210d 1.48 (0.97/2.28) 1.70 (0.97/2.96)
35–44 616 35 5.7 178 205 1.23 (0.93/1.63) 1.24 (0.86/1.79)
45–54 731 30 4.1 199 217 1.13 (0.84/1.51) 1.21 (0.85/1.72)
55–64 660 34 5.2 187 190 1.03 (0.74/1.42) 1.10 (0.74/1.65)
65–74 479 11 2.3 177 198 1.19 (0.71/1.97) 1.29 (0.69/2.42)
25–74 3070 121 3.9 181 202e 1.17 (1.02/1.36) 1.21 (1.01/1.45)
a About one SD in men and women combined
b Calculated by exponentiation of logistic regression coefficient
c With control for gender, age, duration of interval from baseline to follow-up, body mass index, parental history of USD, urinary excretion of urea, sodium, and
potassium
d P  0.063; eP  0.034 compared to persons without USD by gender-controlled analysis of variance (ANOVA); urinary calcium excretion can be converted to
mg/hour with use of the multiplier 0.04; urinary calcium concentration can be converted to mg/L with use of the multiplier 40
Fig. 5. Relative risk with lower limit of 95% CI for urinary stone disease
Fig. 4. Percent with urinary stone disease (USD) incidence by quartile (USD) incidence over mean urinary calcium excretion in quartiles 2
of baseline urinary calcium (Ca) excretion. Number of persons per to 4 of baseline urinary calcium excretion in comparison to risk for
quartile (1 to 4): men ()  346, 344, 341, and 319; women ()  435, USD incidence in quartile 1 (risk  1). Analyses were done in men
438, 425, and 422; urinary calcium excretion (mol/hour, minimum- and women combined with control for gender, age, body mass index,
maximum): men  4–115, 116–177, 178–252, and 253–599; women  parental history of USD, urinary excretion of urea, sodium, and potas-
4–101, 102–149, 150–219, and 220–598. P  0.001 in men and 0.044 in sium. Risk was significantly increased in quartile 4. P for linear trend
women for linear trend by chi-square analysis. in relative risk  0.003.
women combined with control also for gender (P  DISCUSSION
0.004). With exponentiation of these coefficients, a dif- The study reports the first prospective and population-
ference of 2 mmol/L in urinary calcium concentration based data on the relation between urinary calcium and
(about 1 SD in men and women) related to a difference USD. Data show that urinary calcium excretion and con-
in USD incidence of 1.27 for men (95% CI  1.05/1.54), centration are risk factors for USD. These variables mea-
1.21 for women (95% CI  0.99/1.47), and 1.25 for men sured at baseline were positively related not only to preva-
and women combined (95% CI 1.07/1.45). Findings were lence but also to incidence of USD. Moreover, persons
similar with control for other variables also (not shown). with history of USD at baseline or with later incidence
Quartile analyses. Figure 4 shows the significant linear of USD had at baseline higher urinary calcium excretion
trend for USD incidence by quartile of baseline urinary and higher urinary calcium concentration compared to
calcium excretion in men and women. In Figure 5, risk persons without USD. Present data for urinary calcium
of incident USD is plotted over the mean of urinary and other variables should be extrapolated cautiously
calcium excretion in quartiles 2 to 4 compared to quartile to persons with recurrent USD who represent only a
1 with control for gender and other variables. The in- minority of persons with USD in the population.
crease in relative risk was significant for quartile 4. Find- Criteria for USD diagnosis were chosen to exclude
false positive cases with pain or hematuria due to causesings were similar in analyses by gender (not shown).
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other than USD. Data for annual incidence of USD in excretion or concentration related to similar differences
the Gubbio cohort were similar to rates reported for in the risk of later onset of USD. Thus, for practical
Europe [24–26] and higher than rates reported for the scopes, the simple measure of urinary calcium concentra-
United States [1, 27, 28]. This might reflect the average tion appears a tool for estimate of USD risk as valid as
trend toward lower urinary calcium excretion and higher the measure of timed urinary calcium excretion. Also,
urine volume for the United States in comparison to the study gives new information about the shape of the
Italy as reported by an international study on urinary relation between urinary calcium and USD. In cross-
variables in 52 population samples from 32 countries sectional and prospective analyses, USD risk increased
[29]. The real incidence of USD in the Gubbio popula- almost linearly over urinary calcium excretion. At least
tion might be somewhat higher due to asymptomatic in terms of USD risk, the observation of a graded and
USD. This bias could affect present results only if asymp- linear relationship does not support the use of the com-
tomatic USD were highly frequent in persons with uri- mon thresholds for definition of hypercalciuria [30].
nary calcium excretion in the low-normal range. No data For other variables in the study, data confirm that
support this possibility. male gender is a risk factor for USD. The relation of
The study was done with use of overnight urine collec- urinary calcium excretion to USD was similar in men
tions. Data from different laboratories suggest that the and women. However, the excess of USD in men was not
misclassification due to lack of 24-hour urine collection explained by their higher urinary calcium since gender
had played only a minor role since overnight urinary related to USD was independent of urinary calcium ex-
calcium precisely predicts 24-hour urinary calcium of the cretion. Age was important in the relation between uri-
same day [19, 20]. Data for a subgroup of the Gubbio nary calcium excretion and USD. The association of
cohort show similar findings for urine of different days: urinary calcium excretion with USD,both cross-section-
24-hour urinary calcium predicted with use of overnight ally and longitudinally, was progressively less strong with
urine collections and 24-hour urinary calcium measured increasing the age of persons. Thus, data suggest that
in another day were similar (mean difference6%) and factors other than urinary calcium excretion become im-
correlated. The power of analyses was 95% for de- portant for USD in the elderly. Parental history of USD
tecting differences 0.58 mmol between measured 24- was a predictor of USD risk independent of several vari-
hour urinary calcium and 24-hour urinary calcium pre- ables as in the study of Curhan et al [31]. Findings for
dicted with use of overnight urine. Thus, if a difference body mass index, an index of calorie balance, were not
were present, this was likely in the order of 0.5 mmol/24 consistent and borderline significant only in prospective
hours or less. The low correlation coefficient between analyses. Urinary excretion of urea, sodium, and potas-
overnight and 24-hour urinary calcium of different days sium were not related to USD and did not affect the
indicates that the use of a single urine sample certainly relation of urinary calcium to USD. In previous studies,
caused misclassification of some individuals due to day- findings on the possible association with USD of dietary
to-day intraindividual variance in urine composition of protein, sodium, and potassium, as measured by ques-
free-living individuals [20]. This bias is responsible for tionnaire or urinary markers, were conflicting [27, 28,
regression dilution [23], hence, for a likely underestimate 32]. Altogether, data indicate that the role in USD of
of the relation between urinary calcium and USD. An- these urinary parameters is, if any, less important than
other limitation of the study is the lack of data on other urinary calcium excretion and detectable only in studies
factors putatively associated with USD, such as urinary with high statistical power.
oxalate and citrate. The lack of population-based and
prospective data for these other factors does not allow
CONCLUSIONestimates about their role in USD. Nevertheless, the
This study reports the first prospective data on thepossibility exists that the real determinant of USD is one
relation of urinary calcium to USD in the population(or more) of these factors and that the association of
and shows, with use of overnight urine, a continuous andurinary calcium excretion with USD is due to the relation
graded relationship of urinary calcium excretion to USDof urinary calcium excretion with such factor(s). The
risk. Urinary calcium concentration was also a predictorprotective effects against USD of thiazide diuretics re-
of USD supporting the idea that calcium concentrationducing urinary calcium excretion support a direct role
is pivotal in the process of urine stone formation. Theof urinary calcium excretion in USD [17, 18]. Moreover,
study has three practical implications. First, urinary cal-these other factors could explain cases of USD in persons
cium excretion can be used as marker of USD risk withinwith low urinary calcium excretion, hence, increasing the
the population. Second, the simple measure of urinarystrength of the relation between urinary calcium excre-
calcium concentration is a marker of USD risk as good astion and USD.
urinary calcium excretion. Third, the thresholds definingAs far as urinary calcium, study results indicate that
high urinary calcium should be reevaluated at least forconcentration is a correlate of USD as strong as excre-
tion. A difference of 1 SD in baseline urinary calcium definition of USD risk.
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